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Abstract 

The open charm effects via intermediate hadron loop transitions seem to play a crucial role in the understanding 
of several existing "puzzles" in charmonium exclusive decays, such as the i(/{3nQ) non-DD decays, and "pn puzzle" 
etc. In the charmonium energy region, non-perturbative mechanisms could be still sizeable, and as a consequence the 
intermediate hadron loop transitions also provide a mechanism for the helicity-selection-rule (HSR) violation. We 
report our recent progress on those existing puzzles. 
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1. Helicity selection rule violations and open charm 
effects in charmonium decays 

The exclusive decays of heavy quarkonium have been 
an important platform for studying the nature of strong 
interactions in the literature |ll|-|6|] since the discovery 
of quantum chromodynamics (QCD). An interesting is- 
sue in charmonium decays is the effects arising from 
open charmed meson channels. For charmonia which 
are close to an open charmed meson channel, and if 
they have also strong couplings to the open channel, one 
would expect that such an open channel can affect prop- 
erties of the charmonia in both spectra and decays. An 
immediate example is the DD threshold (m^,/) ^ 3.72 
GeV), below and above which the i/'(3686) and i/'(3770) 
sit closely. An interesting and nontrivial question here 
is whether the i/'(3770) decay is totally saturated by DD, 
or whether there exist significant non-DD decay chan- 
nels JMl. 

Unfortunately, a definite answer from either exper- 
iment or theory is unavailable. In experiment, the 
DD cross section measurement by CLEO Collabora- 
tion suggests that the maximum non-DD branching ra- 
tio is about 6.8% iflj - fiell . while BES Collaboration 
find much larger non-DD branching ratios of ~ 15% in 
the direct measurement of non-DD inclusive cross sec- 
tion |[l3l. In theory, next-to-leading-order (NLO) pQCD 
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calculation of the cc annihilation width for ifr{311Q) 
leads to a maximum of about 5% for the i/'(3770) non- 
DD decay branching ratio [Ts'], which appears to favor a 
relatively smaller non-DD branching ratio. However, as 
shown in Ref. ifTsi . the NLO corrections are the same 
order as the leading order results. It would jeopardize 
the validity of the perturbation expansion on the one 
hand, and on the other hand, raises the question about 
the contributions from non-pQCD mechanisms. 

A relevant issue in exclusive processes is the so- 
called helicity selection rule (HSR) Ilia 

which pro- 
vides a guidance for expectations of perturbative QCD 
(pQCD) asymptotic behaviors |l-6] that can be exam- 
ined in experiment. However, in comparison with the 
accumulated data, more and more observations sug- 
gest significant discrepancies between the data and the 
selection-rule expectations. As an example, the decays 
of J I if/ VP and rjc VV would be suppressed by 
this rule [19]. In reality, they are rather important decay 
channels for J lip and rjc, respectively ll20ll . One possible 
reason why the perturbative method fails here could be 
that although the mass of the charm quark is heavy, it is, 
however, not as heavy as pQCD demands. Therefore, 
it is not safe to apply the helicity selection rule to char- 
monium decays (One may anticipate that the situation 
should be improved in bottomonium decays). 

In this proceeding, we report our study of the interme- 
diate meson loop effects in several HSR-violating chan- 
nels, which serves as a solution for our understanding of 
several puzzling problems, i.e. i/'(3770) non-DD decay, 
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"p;r puzzle", eindxc/s HSR-violating decays. 



2. Non-DD decay of i^(3770) 

The puzzling situation with the (^(3770) non-DD de- 
cay branching ratio could be a handle for putting pieces 
of information together in charmonium exclusive de- 
cays. The dominant decay of (/'(3770) — » DD implies 
possible significant branching ratios for t/r(3770) —> 
non - DD via a long-range interaction mechanism. We 
argue that the intermediate DD and DD* + c.c. rescat- 
terings, which annihilate the cc at relatively large dis- 
tance by the OZI-rule evading processes, may provide a 
natural mechanism for quantifying the i/'(3770) non-DD 
decays |'2l'l. Since i/'(3770) is above the DD threshold, 
this contribution has an absorptive part, for which the 
quantitative results can be pursued. 

We investigate the exclusive decay of i/r(3770) 
VP, where V and P stand for light vector and pseu- 
doscalar meson, respectively. This type of transitions is 
supposed to be suppressed by the HSR at QCD leading 
twist similar to J/t// — > VP. However, the non-pQCD 
transitions via intermediate meson loop contributions 
could be a mechanism evading not only the OZI rule 
but also the HSR. 

An apparent advantage in 1/^(3770) — > VP is that we 
can benefit from the unique Lorentz structure of anti- 
symmetric tensor coupling. In principle, all possible 
transition mechanisms will contribute to the corrections 
to the VVP coupling form factor Thus, we can make 
the following parametrization for i^(3770) — > VP: 



Mfi = KgL + e'^gsTsipv)) 



(1) 



where denotes the intermediate meson loop ampli- 
tude, and gs describes the production of two pairs of 
qq in the final VP via OZI singly disconnected (SOZI) 
transitions. The coupling gs is related to the short-range 
contributions. Hence, we assume that the SU(3) flavor 
symmetry will connect all the light VP production chan- 
nels via 

y"" . K'^K- . ojn . wn- . j"i . J"i' 

OS 'OS ■ 6s ■ 6s ■ 6s ■ 6s 

- 1:1: cos ap : sin ap : (- sin ap) : cos ap , (2) 

with the other isospin channels implicated. The an- 
gle ap = 0p + arctan( V2) is 77 and rj' mixing angle. 
A conventional form factor, T^iPy) = exp(-Py/8yS^) 
with p - 0.5GeV, is applied for the SOZI transition 
with Pv the final three momentum in the rest 
frame 11221 12311 . The introduction of hadronic degrees 



of freedom via the meson loops may lead to a relative 
phase S between gi and gs terms. 

In Fig. [1] the intermediate meson loops recognized 
as t- and i-channel transitions are illustrated. The fol- 
lowing effective Lagrangians are adopted to evaluate the 
transition amplitudes related to gi. 
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where e^^^v is the Levi-Civita tensor; T and 'V^ are the 
pseudoscalar and vector meson fields, respectively. 

The charmed meson couplings to light meson are ob- 
tained in the chiral and heavy quark limits 124.1 . 



gD-DK = —g y/niDrriD', 
J" 



gD'D'n 



gD'Dn 



Mb 

gD'Dp = ^^gp, gDDp = gD-DpMo, (4) 

where f„ - 132 MeV is the pion decay constant, and 
Md = y/niDino' sets a mass scale. The parameters gp 
respects the relation gp - niol fj , ll25ll . We take A 

0.56 G'^V ' !,nr 



EI 



i/j(3770) 




Figure 1 : The t [(a) and (b)] and .s-channel (c) meson loops in i^(3770) — > VP. 



Note that the f-channel loops suffer from diver- 



gence II28II . A dipole form factor is thus introduced to 
kill the divergence and also compensate the off'-shell ef- 
fects arising from virtual particle exchanges: 



A2 



A2- 



q^ 



(5) 



where A = m^x + aKQCD, with AgcD - 0.22 GeV; m^x is 
the mass of the exchanged meson and a is a parameter 
to be determined by experimental data for i/'(3770) — > 
Jlij/rj. The detailed formulae, which we skip here, can 
be found inRef. ||2l|l . 

We use the measured t//{311Q) — > J/iffrj to constrain 
the form factor parameter a. Note that the momentum 
carried by the final state mesons is rather small. This is 
an indication that the gluon exchanges are very soft. We 
hence assume that the short-distance pQCD processes 
are strongly suppressed, and the transition is dominated 
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by the long-distance transition mechanism via interme- 
diate meson loops. With B/?"^^ = (9.0 ± 4) x 10""^ S, 
a - 1 .73 can be determined and the exclusive f-channel 
contributes 8.44 x lO"'* to the branching ratio. 



By applying the experimental data, BR, 
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(3.1 



0.7) x_lQ-'* L2QJ and BRp„ < 0.24% with C.L. of 



90% 112911 . we can constrain the coupling gs a nd p hase 
angle 6. Other channels can then be predicted 12 ill . 



Table 1 : Branching ratios for (/'(3770) VP calculated for different mecha- 
nisms. The values for J/t/zq and 4>n fixed at the central values of the experi- 
mental data 1 20], and the experimental upper limit is taken for pn 12911 ■ 



BR(xlO-'*) 


Total 


Exp. 


J/^rj 


9.0 


9.0 ± 4.0 


J/tf/n" 


4.4 X 10-^ 


< 2.8 


pn 


24.0 


< 24.0 129] 


K'*K- + c.c 


8.91 


not seen 


K'"K" + c.c 


9.90 


not seen 




3.1 


3.1 ±0.7 


H 


3.78 


not seen 


LOT] 


4.69 


not seen 


ojri' 


0.39 


not seen 


PU 


1.8 X 10-2 


not seen 


Pi' 


1.0 X 10-2 


not seen 


con" 


2.5 X 10-2 


not seen 


Sum 


63.87 





In Tab. [T] the results for all VP channels are 
listed. The exclusive branching ratios given by the 
t- and s-channels, and SOZI transitions can be found 
in Ref. Ii21.1 . Remember that the input channels are 
i/r(3770) Jl^l^ri, <pJ] and pn, where the experimental 
upper limit for pn suggests a correlation between the 
SOZI transition coupling gs and the phase angle 6. By 
varying 6, but keeping the ipT] rate unchanged (i.e. gs 
will be changed), we obtain a bound for the sum of 
branching ratios, ^ (0.41 - 0.64)%. We refer readers 
to Ref. 12111 for the detailed calculation, and only sum- 
marize the conclusive points as follows: 

i) It is interesting to see that the intermediate D meson 
loop transitions indeed account for some deficit for the 
non-DD decay. In particular, the f-channel transitions 
illustrated in Fig. [1] contribute dominantly to the decay 
amplitudes. In contrast, in most cases, the SOZI and 
.s-channel transitions are found rather small f27l . 

ii) The sum of those VP channel contributions ac- 
counts for the branching ratio of (0.41 - 0.64)% in 
the (/'(3770) non-DD decays. This appears to be a 
small fraction. However, notice that (/'(3770) opens to 
a large number of light meson decay channels. A sum 



of all those channels may result in a sizeable non-DD 
branching ratio. High statistic experiment at BEPCII |0] 
should be able to measure more exclusive decay chan- 
nels of i/r(3770), which will be able to provide a direct 
test of our mode calculations. 

iii) We stress again that our calculation of i^(3770) — > 
VP benefits from the unique property of the VVP cou- 
pling. It allows a reliable constraint on the model pa- 
rameters. For other exclusive channels, e.g. i/'(3770) — > 
VS and VT, the vertex couplings become complicated. 
Numerical calculations of the intermediate meson loops 
would become strongly model-dependent. Qualita- 
tively, the results for i/r(3770) — > VP provide an idea 
that how large an exclusive decay branching ratio would 
be in the i/r(3770) non-DD decays [M- 

3. Brief comments on the "pn puzzle" 

As mentioned earlier, the decay of i/'(3770) VP also 
violates the HSR at pQCD leading twist. Therefore, 
the intermediate meson loop transitions provide a non- 
perturbative mechanism for evading the HSR. A natural 
conjecture is that such a mechanism may also play a role 
in t//' — > VP. Since the mass of i^(3686) is located in the 
vicinity of the open DD threshold, it would experience 
much more significant effects from the open channels 
than J/t// — > VP. In this sense, the non-perturbative in- 
termediate meson loop transitions could be correlated 
with the "pTT puzzle" in the literature. 

As shown in Refs. 1,23. .3i l, there exists an overall 
suppression on the short-range strong decay strength of 
i/r(3686) VP, not just in i/r(3686) pn. Due to this 
suppression, the EM transition amplitudes become com- 
patible with the strong decay amplitudes with which the 
interferences produce deviations from the naive expec- 
tations based on the SOZI transition mechanism. To be 
more specific, due to the interference, the pn decay is 
further suppressed, i.e. causes the so-called "pn puz- 
zle". Also, the neutral K*^^K^ + c.c. has a much larger 
branching ratio than the charged one K*^K^ + c.c. ilOH . 

For J/ifi ^ VP, since the mass of J/ip is far below 
the DD threshold, the open charm effects via the inter- 
mediate meson loops are negligibly small. The over- 
all branching ratios for J /iff — > VP can be well de- 
scribed by the SOZI and EM transitions with a proper 
phase 

We emphasize that the EM transitions also play an 
important role. This can be easily recognized by the ob- 
servation that the isospin-violating decay channels, 
and 1^(3686) — > prj and prj' have branching ratios com- 
patible with those isospin conserved ones such as ojt], 
LOT]', (pT] and ^T]' ll20ll . These channels are found respect 
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"12% rule" pretty well and can be well understood in 
vector meson dominance (VMD) model 123113 ill . 
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4. Further evidences for intermediate meson loops 

As a natural mechanism for evading the OZl rule and 
HSR, and a rather general non-perturbative scenario in 
the charmonium energy region, the intermediate meson 
loops can also be examined in different exclusive decay 
processes, e.g. xa — » W and;^fc2 — > VP. A detailed 



study of these two decays can be found in Ref. II32I1 . We 
summarize the results as follows: 

i) Since Xm,i,2 are f-wave states, the short-distance 
transition probes the first derivative of the cc wavefunc- 
tion at the origin, which however, would be suppressed 
in Xci VV and Xd ^ VP due to the HSR. 

ii) Experimentally, the branching ratio of Xci — > 
K-'^K'^ is at order of 10"^ |20], which appears to be 
sizeable, and implies a violation of the HSR. 

iii) The introduction of the intermediate meson loops 
provides a dynamic mechanism in this process. By an- 
nihilating the cc at long distance via the intermediate 
meson loops, the helicity selection rule can be evaded. 

iv) For;^'ci — > VV, since the intermediate Dj and D* 
pair has higher mass threshold, the production of the 
(pip will be relatively suppressed in comparison with the 
non-strange pjr and ojo) apart from the final-state phase 
space differences. This corresponds to the flavor sym- 
metry breaking at leading order. 

v) For Xc2 — > VP, significant f/-spin symmetry 
breaking implies a larger branching ratio for Xc2 
K*K + cc. than for Xci — > P^- This prediction can be 
examined by BESlll experiment. 

In brief, we find that the intermediate hadron loop 
transitions provide a natural mechanism for the evasion 
of the helicity selection rule as a long-distance transi- 
tion. It could also be a mechanism for several exist- 
ing puzzles in the charmonium energy region. System- 
atic studies of various processes may allow us to put 
together pieces of information and gain much deeper in- 
sights into the underlying dynamics. 
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